Chronic kidney disease (CKD) is a global health problem especially in the elderly, and a large number of aged patients are diagnosed during the early stages of CKD \[[@r3], [@r7]\]. The Brown Norway (BN) rat is an inbred strain with longevity and is suitable for use in aging studies \[[@r5], [@r12]\]. Age-dependent renal damages in BN rats was previously assessed and compared with those in other inbred rats, and it was found that chronic nephrosis progressed more slowly in BN rats \[[@r6]\]. This slow progression is useful for modeling age-dependent, naturally occurring CKD, and clarifying age-dependent histological changes in the kidneys of BN rats is useful for understanding the pathological mechanisms of elderly CKD. However, renal histological changes related to natural aging of BN rats have not been thoroughly investigated. In the present study, age-dependent changes in BN rat kidneys were analyzed histomorphometrically.

All experimentation in the present study proceeded in accordance with the Guidelines for Animal Experimentation of the National Center for Geriatrics and Gerontology (NCGG), Japan. Male BN/CrlCrlj rats aged 3, 12, 18, 24 and 30 months (n=5; per age group) were used in the present study. The rats were housed in temperature- and humidity-controlled animal rooms at the National Center for Geriatrics and Gerontology (Obu, Japan) \[[@r15]\] and fed a commercial diet (Labo MR Stock; Nihon Nousan, Yokohama, Japan). Water was supplied *ad libitum*. All rats exhibited no apparent pathological changes in their appearance, except for tarsal tylosis of aged ones. They were sacrificed by exsanguination under deep anesthesia using a mixture of 2, 2, 2-tribromoethanol and 2-methyl-2butanol (Avertin; 300 mg/kg, i.p.). Kidneys were quickly removed, cut perpendicularly to the long axis and fixed in 10% neutral-buffered formalin. After routine paraffin embedding, 3-*µ*m thick sections were cut, and sections were selected every 30 *µ*m and stained with hematoxylin-eosin (HE), periodic acid Schiff (PAS) and Masson's trichrome stains. Following parameters were assessed using 3 sections from each animal. 1) Diameter of renal corpuscle \[[@r16]\], 2) percentage of cystic renal corpuscles; 100 × (number of cystic renal corpuscles / total number of glomeruli), 3) extent of glomerular sclerotic change \[[@r16]\], 4) extent of interstitial fibrosis \[[@r16]\] and 5) extent of interstitial mononuclear cell infiltration \[[@r16]\]. Blood samples were able to be collected from animals aged 18, 24 and 30 months. Plasma (heparinized) was obtained after centrifugation and stored at −20°C. The concentration of blood urea nitrogen (BUN) was measured using a spectrophotometer and a test kit (Nitrogen B-test kit, Wako Pure Chemical, Osaka, Japan), and blood creatinine and electrolyte (Na, K and Cl) levels were measured using a dry-chemistry analyzer (DRI-CHEM 7000V, Fujifilm, Tokyo, Japan). Statistical analysis was performed using PASW software (IBM SPSS Statistics, Armonk, NY, U.S.A.). The Kruskal-Wallis test was used to evaluate age-dependent changes (*P*\<0.05).

In the renal corpuscles, glomerular sclerotic changes characterized by expansion of mesangial matrices, proliferation of mesangial cells and thickening and wrinkling of the glomerular basement membrane (GBM) were observed in aged rats ([Fig. 1A and 1B](#fig_001){ref-type="fig"}Fig. 1.Light microscopy images of BN rat kidneys. A) Cortex of a 3-month-old rat. The left glomerulus showed severe sclerotic change, but the right glomerulus had a normal structure. Masson's trichrome (MT) stain. Bar: 20 *µ*m. B) Cortex of a 30-month-old rat. A glomerulus with severe sclerosis and hypertrophy. MT stain. Bar: 20 *µ*m. C) Cortex of a 12-month-old rat. \*: Cystic changes of renal corpuscles. Periodic acid Schiff stain. Bar: 50 *µ*m. D) Cortex of a 30-month-old rat. Damaged tubules, interstitial fibrosis and interstitial mononuclear cell infiltration (arrow) were observed, but the severity of this damage was relatively mild. MT stain. Bar: 100 *µ*m. E) Renal papilla of a 12-month-old rat. Mild hyperplastic change of the urothelium is observed in the marginal area of the basal portion of the papilla (arrow). Papi: papilla. US: urinary space. Hematoxylin-eosin (HE) stain. Bar: 200 *µ*m. F) Renal papilla of a 30-month-old rat. Hyperplastic urothelium is seen in the wide marginal area (arrows). \*\*: Hematomas. HE stain. Bar: 200 *µ*m.). Cystic changes were also observed in the renal corpuscles ([Fig. 1C](#fig_001){ref-type="fig"}). Glomerular tufts in the cystic renal corpuscles were relatively well preserved, although some glomeruli showed sclerotic changes. Tubular atrophy, interstitial mononuclear cell infiltration and interstitial fibrosis were observed in aged rats, although the severity of these damages was mild even in rats aged 30 months ([Fig. 1D](#fig_001){ref-type="fig"}). Hyperplasia of the urothelial layer was observed in areas where it directly covered the papillae or medulla within the renal sinus. These hyperplastic lesions were observed in 1 animal aged 12 months, 1 animal aged 18 months and 1 animal aged 24 months ([Fig. 1E](#fig_001){ref-type="fig"}). In 30 months, all animals showed relatively severe lesions ([Fig. 1F](#fig_001){ref-type="fig"}). Hematomas were occasionally observed concomitantly.

The diameter of the renal corpuscle and the score for glomerulosclerosis continuously increased from 3 to 30 months of age ([Fig. 2A and 2B](#fig_002){ref-type="fig"}Fig. 2.Results of the quantitative analysis. A) Renal corpuscle diameter. B) Glomerulosclerosis extent. C) Percentage of cystic renal corpuscles. D) Interstitial fibrosis extent. E) Extent of interstitial mononuclear cell infiltration. Data are shown in box plots. RC: renal corpuscle.). The percentage of cystic glomeruli increased between 3 and 12 months, but additional elevations were not detected after 12 months ([Fig. 2C](#fig_002){ref-type="fig"}). The interstitial fibrosis score showed a mild increase from 3 to 12 months ([Fig. 2D](#fig_002){ref-type="fig"}). While continuous increases were observed after 12 months, these increases were very mild. Mononuclear cell infiltration score did not increase until 24 months, but slight increases were observed between 24 and 30 months ([Fig. 2E](#fig_002){ref-type="fig"}). Changes in these parameters were statistically significant. No significant changes were observed in the blood chemical analysis ([Table 1](#tbl_001){ref-type="table"}Table 1.Results of the blood chemistry tests18 months24 months30 monthsBUN (mmol/*l*)8.1 (0.6)8.1 (0.9)8.5 (1.0)Creatinine (*µ*mol/*l*)26.5 (4.4)26.5 (7.1)17.7 (2.7)Sodium (mmol/*l*)145 (1.7)146 (1.3)146 (0.8)Potassium (mmol/*l*)5.1 (0.3)5.1 (0.3)5.1 (0.6)Chloride (mmol/*l*)104 (1.0)103 (1.5)102 (2.0)All data represent the median (interquartile deviation). No significant differences were observed for all parameters (*P*\<0.05). BUN: blood urea nitrogen.).

Glomeruloscrelosis, glomerular hypertrophy and interstitial fibrosis are known as the age-dependent histological changes in the rat kidneys \[[@r17]\], and BN rats also showed these changes. Especially, prominent changes were observed in the glomeruli. Quantitative analysis showed that both the glomerulosclerosis score and renal corpuscle diameter continually increased between 3 and 30 months of age, suggesting a close association between glomerulosclerosis and glomerular hypertrophy. Since progression of glomerulosclerosis induces a reduction of functional nephron number, glomerular capillary hydraulic pressure in the remnant functional glomeruli increased in accordance with Brenner's hyperfiltration theory \[[@r1]\]. This adaptational hyperfunction in the remnant glomeruli induced subsequent glomerular hypertrophy. However, glomerular hypertrophy and sclerosis may have been induced due to age-dependent complex physiological changes, such as oxidative stress \[[@r13]\] and hypertension, among other reasons \[[@r4]\].

Cystic changes were observed in the renal corpuscles and were considered to be a distinct change not associated with the glomerulosclerosis and glomerular hypertrophy. Although cystic changes of the renal corpuscle have well-known histological features similar to autosomal polycystic kidney disease and renal dysplasia \[[@r10]\], these congenital diseases were not suspected in the present study, and it was difficult to determine the cause of cystic changes of the renal corpuscles in BN rats.

Hyperplastic urothelium was previously reported in BN rats \[[@r14]\], however, age-dependent changes have remained unclear. In the present study, urothelial hyperplasia in the renal papillae was shown to be an age-dependent pathological feature in the kidneys of BN rats. In clinically, hyperplasia of the urothelium has been reported in humans treated with phenacetin, which is an analgesic drug that shows adverse effects during urothelial carcinoma \[[@r2]\]. However, no malignant findings were observed in the present study, and the clinical significance of this urothelial lesion in the BN rats remained unclear.

Tubulointerstitial damage (TID) has attracted attention as a common pathway towards end-stage renal failure in CKD patients \[[@r8], [@r11]\]. In the present study, although quantitative scores for interstitial cell infiltration and interstitial fibrosis, which are histological hallmarks of TID, increased slightly, we identified TID as a minor renal lesion even in senile 30-month-old rats. It is well known that TID is not an initial renal pathological feature of naturally occurring CKD, which substantially progresses when renal damage reaches a threshold state \[[@r8], [@r11]\]. Since glomerular injury is the initial pathological change indicating CKD \[[@r8], [@r9]\], glomerular damages of BN rats may not have reached the threshold level to induce TID progression until 30 months of age. Indeed, blood chemical tests showed no significant changes of BUN, creatinine and electrolytes concentrations until 30 months of age. In a previous study, the BN rat showed slow progression of age-dependent chronic nephrosis, and the degree of nephrosis maintained at a minimal level until the terminal life stage \[[@r6]\]. However, why nephrosis progression is delayed in BN rats has remained unclear. In the present study, we suspected that persistent progression of glomerulosclerosis; thus, slow and minimal progression of TID might be associated with the slow progression of nephrosis in BN rats.
